New polycyclic-fused isoxazolo [4,5-e]pyridines and spirooxindoles were obtained via multicomponent reaction of 5-amino-3-methylisoxazole, indan-1,3-dione, and aromatic aldehydes and reaction of 5-amino-3-methylisoxazole, isatin, and -diketones in the presence of (±)-camphor-10-sulfonic acid as an effective and nontoxic organocatalyst under ultrasound-promoted conditions. The antioxidant activity of the novel synthesized compounds was studied.
Introduction
Multicomponent reactions allow the building of several new bonds in a single step and therefore these one-pot reactions are one of the most attractive topics in synthetic chemistry [1] . These reactions have enormous effectiveness, particularly for the construction of heterocyclic compounds which exhibit a wide range of biological activities [2] [3] [4] [5] . Multicomponent reactions proceed in accordance with green chemistry principles in terms of a high degree of atom economy, easier progress of reactions, decreased reaction times, lack of waste products, and low power consumption [6, 7] .
Isoxazole and spirooxindole compounds have exhibited many biological properties such as antibacterial [8] , antiinflammatory [9] , anticonvulsant [10] , muscle relaxant [11] , anti-HIV and anticancer activity [12] [13] [14] [15] [16] , and significant activity in hypertension and Alzheimer's disease [17, 18] . Consequently, several protocols for the synthesis of isoxazoles and spirooxindoles have been reported [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] .
(±)-Camphor-10-sulfonic acid (CSA) is an effective, safe, water-soluble, and reusable organocatalyst for various organic reactions, for instance, Friedel-Crafts reactions [29] , synthesis of dioxabicyclo[3.3.1]nonane and -amino naphthol compounds [30, 31] , and synthesis of spirocyclic compounds [32] , and is also frequently used in the optical resolution of amines [33] .
It is important to develop new synthetic processes that provide better environmental performance in synthetic organic chemistry [34] . Numerous organic reactions can be effectively achieved in higher yields, shorter reaction times, and milder reaction conditions under ultrasonic irradiation due to cavitational collapse [35] [36] [37] [38] [39] [40] .
This work aims to study the synthesis of isoxazolopyridines and spirooxindoles under ultrasonic irradiation in the presence of (±)-CSA as an organocatalyst. Antioxidants are being increasingly noticed for the prevention of the damaging influence of free radicals in the human body [41] . Hence, to expand biological curiosity to isoxazolopyridine and spirooxindole compounds, the new synthesized compounds were tested for their free radical scavenging activity (determined for DPPH), reducing activity (reduction of the Fe 3+ /ferricyanide complex to its ferrous form), metal chelating (chelating activity capacity of ferrous ions) activity, superoxide scavenging activity, and total antioxidant activity. recorded on a Perkin-Elmer FT-IR spectrometer (ATR) and absorption frequencies are reported in cm −1 . MS spectra were recorded on an AB Sciex 3200 QTRAP LC-MS/MS. Elemental analyses were measured with CHNS-932 LECO apparatus and were in good agreement (±0.2%) with the calculated values. Ultrasonication was performed in an Alex Ultrasonic Bath with a frequency of 32 kHz and a power of 230 W. The internal dimensions of the ultrasonic cleaner tank were 240 × 140 × 100 mm with liquid holding capacity of 3 L. The reactor was a 100 mL Pyrex round-bottom flask. The reaction flasks were suspended in the center of the bath, and the addition or removal of water controlled the temperature of the water bath. Melting points were measured on a Gallenkamp melting-point apparatus. TLC was conducted on standard conversion aluminum sheets precoated with a 0.2 mm layer of silica gel. All reagents were commercially available.
General Procedure for the Synthesis of Isoxazolopyridine Derivatives ( a-e and f-h) under Ultrasonic Irradiation.
A mixture of CSA (34.8 mg, 0.15 mmol), 5-amino-3-methylisoxazole, (1.00 mmol), indan-1,3-dione (1.00 mmol), and aromatic aldehydes (1.00 mmol) in 5 mL EtOH was irradiated with ultrasound of low power at 70 ∘ C for the period of time indicated in Scheme 1 and Table 2 . After completion of the reaction, as indicated by TLC monitoring, the resultant solid was washed with water and crystallized from ethanol to give products a-e and f-h.
General Procedure for the Synthesis of Spirooxindole Derivatives ( a-d) under Ultrasonic Irradiation.
A mixture of CSA (23.2 mg, 0.10 mmol), 5-amino-3-methylisoxazole, (1.00 mmol), isatin (1.00 mmol), and -diketones (1.00 mmol) in 5 mL EtOH was irradiated with ultrasound of low power at 70 ∘ C for the period of time indicated in Scheme 2 and Table 3 . After completion of the reaction, as indicated by TLC monitoring, the resultant solid was washed with water and crystallized from ethanol to give products a-d.
Free Radical Scavenging Activity.
The free radical scavenging activity was determined by 1,1-diphenyl-2-picrylhydrazyl (DPPH • ). The activity was assayed according to the methodology described by Brand-Williams et al. [42] . 20 mg/L DPPH
• in methanol was prepared and 1.5 mL of this solution was added to 0.75 mL of isoxazolopyridine or spirooxindole compounds solution in water at various concentrations (25-400 g/mL). After 30 minutes the absorbance was measured at 517 nm. The inhibition activity percentage was calculated according to the following equation:
( 0 is the control absorbance and 1 is the sample solution absorbance).
The Reducing Power
Assay. The reducing power of newly synthesized compounds was assayed according to the methodology of Oyaizu [43] . Various concentrations of compounds (25-400 g/mL) in 1 mL of distilled water were mixed with 0.2 M phosphate buffer and 2.5 mL of potassium ferricyanide [K 3 Fe(CN) 6 ]. This mixture was incubated at 50 ∘ C for 30 minutes and trichloroacetic acid (2.5 mL, 10%, w/v) was added to the mixture and then centrifuged at 3000 rpm for 10 min. Lastly, 2.5 mL of solution was mixed with 0.5 mL FeCl 3 and distilled water (2.5 mL) and then the absorbance was measured at 700 nm.
Metal Chelating Activity.
The ferrous ions' (Fe 2+ ) chelating activities of the isoxazolopyridines, spirooxindoles, and standards were investigated according to the methodology described by Decker and Welch [44] . 1 mL of various concentrations (25-400 g/mL) of the newly synthesized compounds was mixed with 3.7 mL of water. This mixture was incubated for 30 minutes with 2 mM FeCl 2 . Afterward, 5 mM ferrozine was added and left standing at room temperature Journal of Chemistry 3 for 10 min. The absorbance of the resulting solution was measured at 562 nm.
Metal chelating activity
2.7. Superoxide Scavenging Activity. The superoxide anion scavenging activity of isoxazolopyridine and spirooxindole compounds was done according to the methodology described by Liu et al. [45] . The superoxide radicals were formed in 3 mL of 16 mM Tris-HCl buffer which contained 1 mL of 50 M NBT solution, 1 mL of 78 M NADH solution, and a sample solution of the newly synthesized compounds (25-400 g/mL) in water. 1 mL of 10 M phenazine methosulphate (PMS) solution was added to the mixture. Then the mixture was incubated at 25 ∘ C for 5 min and the absorbance at 560 nm was measured.
2.8. Total Antioxidant Activity Assay. The total antioxidant activity of isoxazolopyridine and spirooxindole compounds was assayed according to the thiocyanate method described by Mitsuda et al. [46] . The solution of isoxazolopyridine and spirooxindole compounds (150 g/mL) in 2.5 mL of 0.04 M potassium phosphate buffer was added to 2.5 mL of linoleic acid emulsion in 0.04 M potassium phosphate buffer. This mixed solution (5 mL) was incubated at 37 ∘ C. For the period of incubation, 0.1 mL of the mixture was diluted with 3.7 mL of methanol at regular terms, and then 0.1 mL of 30% ammonium thiocyanate and 0.1 mL of 20 mM ferrous chloride in 3.5% hydrochloric acid were added. The absorbance was measured at 500 nm. This step was repeated every 10 h until the control reached its maximum absorbance value. [1,2-b] isoxazolo [4, 5- [1,2-b] isoxazolo [4, 5- [1,2-b] isoxazolo [4,5- 
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Results and Discussion
Initially, the three-component reaction of benzaldehyde (1.00 mmol), indan-1,3-dione (1.00 mmol), and 5-amino-3-methylisoxazole (1.00 mmol) was examined under ultrasonic irradiation without a catalyst at 40 ∘ C in 5 mL EtOH. The formation of compound a was completed in 300 minutes with a yield of 35%. When the same reaction was examined in the presence of 5 mol% (±)-CSA at 40
∘ C under ultrasound irradiation, the product was obtained with a yield of 52% in 180 minutes (Table 1) . Increasing the temperature to 70 ∘ C increased the yield to 58% and the reaction was completed in 120 minutes. In order to observe the effect of the amount of (±)-CSA on the reaction, experiments using different amounts of catalyst were performed ( Table 1 ). The best result was obtained by carrying out the reaction using 15 mol% of (±)-CSA at 70 ∘ C under ultrasonic irradiation.
Using the best optimized conditions, several isoxazolopyridine derivatives were synthesized at 70 ∘ C in the presence of 15 mol% (±)-CSA catalyst in EtOH under ultrasonic irradiation (Scheme 1). The results are summarized in Table 2 .
It is important to point out the fact that for some unknown reasons the reaction involving 5-amino-3-methylisoxazole, indan-1,3-dione, and aromatic aldehydes gave isoxazolopyridines or their dihydro derivatives independently of the substituent carried by the aldehydes.
Then the spirooxindole derivatives were synthesized via multicomponent reaction of 5-amino-3-methylisoxazole, isatin, and -diketones in the presence of (±)-CSA catalyst under ultrasonic irradiation (Scheme 2). The best yields were observed in the presence of 10 mol% (±)-CSA in EtOH under ultrasonic irradiation at 70 ∘ C (Table 3 ).
The structure of the novel generated compounds was confirmed by Fourier transform-infrared (FTIR), 1 H, 13 C, APT NMR techniques, and mass spectroscopy. In the 1 H NMR spectra of the isoxazolopyridines a-e, benzilic C-H proton resonated near 5.06-5.30 and in the 13 C NMR spectra, the benzilic C-H carbon resonated near 27-37. The mass spectra of all novel compounds exhibited the expected molecular ion peak.
Generally, efficient HAT agents are the compounds which show high hydrogen atom donating ability, and they usually have low heteroatom-H bond dissociation energies. Abstraction of hydrogen from these compounds leads to Ccentered radicals which are stabilized by resonance or the generation of sterically hindered radicals [47] . In this study, the antioxidant activity of the synthesized compounds a-e, f-g, and a-d was examined for free radical scavenging activity, reducing activity, metal chelating activity, superoxide scavenging activity, and total antioxidant activity.
The DPPH • scavenging effect of isoxazolopyridine and spirooxindole compounds ( a-e, f-h, and a-d) and standards (BHA, BHT, Trolox, and Resorcinol) was studied and compounds a and a were found to be the ones with the most potential activity (Figure 1 ). These results indicate that the new synthesized compound had a moderate effect on the scavenging free radical. A higher DPPH radical scavenging activity is associated with a lower EC 50 value.
As indicated in Figure 2 , the reducing power of compounds f, c, a, and b at 400 g/mL concentration is higher than the other synthesized compounds and the reducing power was increased by increasing the concentration.
The metal chelating activity for the ferrous ion of the new synthesized compounds was assayed by the inhibition of the red-colored ferrozine/FeCl 2 complex. EDTA, Trolox, and BHT were used as standard compounds. The isoxazolopyridine and spirooxindole compounds showed moderate to good metal chelating activities at 25, 50, 100, 200, and 400 g/mL concentrations ( Figure 3 ). Compound b exhibited the highest chelating activity among the tested compounds at 400 g/mL.
The superoxide scavenging activity of isoxazolopyridine and spirooxindole compounds was compared with the same concentrations of BHT, Trolox, and BHA. None of the compounds showed greater antioxidant activity than the standards. However, compounds g, h, e, and b exhibited higher inhibition than the other synthesized compounds (Figure 4 ). Total antioxidant activity of the isoxazolopyridine and spirooxindole compounds was assayed by thiocyanate methodology. Compounds b and a showed effectual antioxidant activity ( Figure 5 ). The results indicated that compound b had stronger total antioxidant activity than BHT, Resorcinol, and Ascorbic acid at the same concentration (100 g/mL).
Conclusions
In conclusion, new isoxazolopyridine and spirooxindole compounds were synthesized via one-pot three-component reaction of 5-amino-3-methylisoxazole, indan-1,3-dione, and aromatic aldehydes and reaction of 5-amino-3-methylisoxazole, isatin, and -diketones in the presence of (±)-camphor-10-sulfonic acid under ultrasound-promoted conditions. This procedure provided a practical, simple, and efficient way to obtain isoxazolopyridines and spirooxindoles in moderate to high yields. The antioxidant activities of these compounds were determined. Compounds b, e, f, g, h, and a exhibited higher activities.
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